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Abstract— The article presents a physical model for 
determining the boundary conditions of ignition of a 
heterogeneous system, taking into account the heating of the 
liquid phase and its evaporation. The temperature distribution 
in a heterogeneous system is described by the obtained 
analytical expression. An algorithm describing the evaporation 
rate of the liquid phase is also defined. An expression describing 
the induction period can be used to determine the critical 
duration of the discharge, the reduction of which will lead to the 
ignition of the vapor-gas phase. 
Keywords— heterogeneous system, ignition temperature, 
gasification, steam-gas phase. 
I. INTRODUCTION 
Modeling of heterogeneous systems is widely represented 
in literature. But mainly these systems are considered from the 
position of hydro mechanics, heat and mass transfer processes, 
and some other problems. The problem of safety for such 
systems is considered very rarely due to the complexity of the 
experimental verification of the model for its adequacy. 
Especially if the components of the system are categorized as 
combustible. Process hazard assessment has always been of 
great practical importance, often being a determining factor in 
the development of technology. 
The burning of solid substances taking into account their 
gasification is most fully considered in [1, 2], however, the 
main attention was paid to the study of the laws of the 
combustion process itself. While in the case of combustion of 
heterogeneous systems it should be kept in mind that the 
system has a steam-gas component, the proportion of which 
often is not permanent. Also should note that the particles with 
diameter less than 10 µm burn similar gas-steam systems that 
also brings changes on the initial stage of combustion in the 
ratio of fuel-oxidizer. It is known that particles whose size 
significantly exceeds 10 µm burn in the diffusion regime [2]. 
The mechanism of ignition and flame propagation in air 
suspensions differs from the mechanism in the gases. The 
normal rate of flame propagation in the air suspension is an 
order of magnitude higher than the rate of flame propagation 
in a homogeneous gas mixture [3]. This is because in the 
transfer of heat from the burning dust particle to the fresh 
mixture, the radiation component of the heat flow plays a 
decisive role, but not conductive component. 
The energy characteristic of the ignition process is mainly 
determined by the physical and chemical properties of the 
solid phase and the intensity of the heat flux from the ignition 
source [3, 4]. The results of the study given in [5] indicate the 
proximity of the nature of the development of the flame 
nucleus during spark initiation, both in dusty and gas-air 
environments. 
Heterogeneous systems, where the dispersed phase 
consists of objects that meet the classification criteria of 
electrostatic spark safety [5] of weak or strong electrization in 
technological devices at physical redistribution, are sources of 
spark discharges, which are characterized by high voltages of 
the electric field (E=3•106 V/m) under atmospheric pressure. 
Often the spark is characterized by a thin luminous channel 
having bends and branching. The authors [5] found that the 
shorter the channel, the more effective the ignition of the 
combustible system in which it is observed. 
Due to the fact that the fire during the technological 
process associated with the flammable effect of static 
electricity discharges - random phenomena, researchers are 
trying to develop probabilistic methods for assessing the 
flammable capacity of static electricity discharges and the 
danger of technological processes in which they occur [6-9]. 
The aim of this work is a theoretical study of the ignition 
ability of heterogeneous systems by electric spark. 
II. RESULTS AND DISCUSSION 
The ignition model in question includes the following: 
 The system is considered as a homogeneous medium 
whose thermophysical properties do not depend on 
temperature; 
 The heat generated by the electric discharge, 
transferred by the radiant flux, is completely absorbed 
on the forming surface of the phases’devision; 
 Absorption by the surface phase heat causes 
evaporation with non-constant speed; 
 The energy released in the discharge is spent on 
evaporation, and part of it is dissipated in the system; 
 The ignition of the system occurs when the interface of 
the phases reaches a temperature value close to the 
ignition temperature of the steam-gas phase. 
Consider the one-dimensional case. We assume that the 
system occupies some space x ≥ 0. Suppose that at some point 
in time t = 0 a heat source of power q appears on the interface 
of phases x = 0. As a consequence of its action, the substance 
begins to evaporate. The evaporation rate, i.e. the rate of 
advance of the evaporation boundary, is denoted as v(t). In this 
formulation, the problem is similar to the problem of unsteady 
evaporation of matter under the action of laser radiation. 
When solving the heat equation, the amount of heat spent on 
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evaporation was taken into account, this allowed us to 
establish the dynamics of temperature change on the interface 
of the phases, which corresponds to the following expression 
[10]: 
 
(1) 
where а is thermal diffusivity of a substance; k is thermal 
conductivity of a substance; L0 is evaporation heat of a unit 
volume of a substance at Т = 0; 
 
 
is the integral of probability; T0 and v0 are evaporation surface 
temperature and heat input rate. Applying the ratio [11] we 
have the expression: 
  (2) 
So, we see that that the first term plays an essential role in 
expression (1). Analyzing the expression (1) as an integral 
equation with an unknown function v(t), we obtain an 
approximate solution that takes into account only the first term 
in equation (1), as an expression [11]: 
  (3) 
The evaporation rate of the substance is associated with 
the surface temperature of the known activation formula, the 
use of which is not possible due to significant mathematical 
difficulties. To find an explicit form v(t), we proceed as 
follows. Let t0 be the time of establishment of stationary 
evaporation. Then the rate of temperature change on the 
evaporation surface will be the maximum at the initial time, 
and for all t ≥ t0v should be zero. In this case, we assume that 
the change in the temperature of the evaporation surface 
occurs in the following expression:  
  (4) 
Substituting (4) into (3), we find [11, 12]: 
 (5) 
Where I0(х) is modified Bessel function; J0(x) is modified 
Struve function. 
Since the time periods t < t0 are analyzed, we decompose 
Iv(x) and Lv(х) into series [11] and consider only the main 
members of the series, taking into account that v(0)=0 we 
determine the expression for the evaporation rate of the 
substance and the time when the steady-state evaporation rate 
is established:  
  (6) 
   (7) 
Expressions (5)–(7) fairly describe the process of 
temperature growth until it reaches the temperature of self-
ignition. When vapors ignite, an additional heat source will 
appear in the volume under consideration, its power will be 
determined by the thermal effect of the oxidation reaction [12, 
13]. 
The rate of gasification of the solid phase and the change 
in the surface temperature during the oxidative processes in 
the gas phase is sufficiently fully presented in [1, 2]. 
To find the time when the gas phase reaches Тi 
temperature, the equation (4) is applied. Taking into account 
(7), as well as the ratio a∙Cp∙p=k, we obtain: 
  (8) 
For particulate matter with complex organic substances, 
when TSHS<<T0, and T(0)=TS, expression (8) can be written as: 
  (9) 
Where ρ is density of matter; Ср is specific heat of 
substance. 
Formula (9) can be used in a simple engineering 
calculation to estimate the time of induction of ti ignition of 
heterogeneous mixture when exposed to a high-temperature 
ignition source, in cases of both emergency disclosure of the 
technological system processing dust-forming materials and 
its normal operation. 
III. CONCLUSION 
As a result of the theoretical study of the ignition ability of 
heterogeneous systems by means of electric spark the physical 
model for determining the boundary conditions of ignition 
heterogeneous system, taking into account the heating of the 
liquid phase and its evaporation was developed. 
An expression (9) describing the period of ignition 
induction of a heterogeneous mixture under the influence of a 
high-temperature ignition source is obtained. This formula can 
be used to determine the critical duration of the thermal action 
of the ignition source, which will ensure the maintenance of 
critical conditions in the period of time necessary for the 
development of the reaction with the formation of the flame 
front when the vapor phase ignites and is capable of further 
spontaneous propagation. 
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